duct cross section in the Vz-plane changes from circular to nearly rectangular in the region 1.0 < z/Dl < 2.5.
The duct aspect ratio (the ratio of the major to minor axis lengths at z/DI >_ 2.5) is 3.0. The cross-sectional areas at z/Dl < 1.0 and z/Dl >_ 2.5 are equal. In the region 1.0 < z/Dl < 2.5 the cross-sectional area increases as much as 1.15 times the area at z/Dl < 1.0.
Experiment
The inlet diameter of both the S-duct and transition duct was 10.24 cm. The S-duct is larger and geometrically similar to the duct studied by Vakili et a/. 2 The transition duct is identical to that of Davis and Gessner. 4 The inlet conditions for both ducts are summarized in 6Harloff, G. J., Smith, C. F., Bruns, J. E., and DeBonis, J. R., "Navier-Stokes Analysis of Three-Dimensional SDucts," Submitted to AIAA Journal of Aircraft. Many aircraft employ ducts with centerlinc curvature or changing cross-sectional shape to join the engine with inlet and exhaust components. S-ducts convey air to the engine compressor from the intake and often decelerate the flow to achieve an acceptable Mach number at the engine compressor by increasing the cross-sectional area downstream. Circular-to-rectangular transition ducts are used on aircraft with rectangular exhaust nozzles to _mnect the engine and nozzle. To achieve maximum engine performance, the ducts should minimize flow total pressure loss and total pressure distortion at the duct exit. Changes in the curvature of the duct centcrline or the duct cross-sectional shape give rise to streamline curvature which cause cross stream pressure gradients. Secondary flows can be caused by deflection of the transverse vorticity comp_ment of the boundary layer. This w)rtex tilting results in countcr-rolaling vortices. Additionally the adverse streamwise pressure gradient caused by increasing cross-seclinnal area can lead to flow separation. Previous experimental studies of S-duct and transitic, n duct flows have included Rcfs. 1, 2 and Rcfs. 3, 4, respectively. Vortex pairs have bccn observed in the exit planes of both duct types. These w)rtices are due to secondary flows induced by pressure gradients resulting from streamline curvature.
0.4[-ff'_
Regions of low total pressure are produced when the w)rtices convecl boundary layer fluid into the main flow. The purpose of the present study is Io prcdicl the measured flow field in a diffusing S-duet and a circular-to-rectangular transition duct with a full Navier-Stokes computer program, PARC3D, and In compare the numerical predictions with new detailed experimental measurements. The work was undertaken fo extend previous studies and to provide additional CFD validation data needed to help model flows with strong secondary flow and bnundary layer separation.
The S-duct computali_m extends the study of Smith ctal. 5 and tlarloff ef al. _ which concluded that the computation mighl be improved by using a finer grid and more advanced turbulence models. The present study compares results fi_r both the Baldwin-Lomas and k -C turbulence mc)dels and is con-
